cones. This arrangement, as in mammalian kidneys, appears to permit the avian kidney to produce a concentrated urine (8, 18) . The details of these anatomical relationships have been described previously (2). Only a small fraction of the nephrons are of the mammalian type (about 10 % in the desert quail) (Z), and the concentrating ability of the avian kidney is quite limited.
In previous work with the desert quail, Lophortyx gambelii (Z), we measured the single-nephron glomerular filtration rates (SNGFR) of both the MT and RT nephrons using de Rouffignac, Diess, and Bonvalet's (7) modification of Hanssen's (9) sodium ferrocyanide technique.
The filtration rates of individual MT nephrons were more than twice those of individual RT nephrons during a control diuresis. In the same study, the intravenous infusion of a hyperosmotic sodium chloride solution produced a fall in totalkidney GFR, resulting almost entirely from a decrease in the number of filtering RT nephrons. and were maintained in an outside aviary exposed to natural environmental conditions. Twelve birds were used in the present study. In captivity, the birds had free access to a cracked-grain mixture and green fodder and were allowed water ad libitum.
Operative procedures were essentially the same as those described previously (2). In other animals, the mean arterial pressure decreased by * ml/kg per min.
as much as 30 mmHg and then returned to control levels in less than 10 min (see Fig. 2 for a representative recording of this response).
In still other animals, the blood pressure response following this dose of AVT was biphasic. The initial response in these animals was a decrease in mean arterial pressure to about 10 mmHg below the control level. Secondarily, the pressure increased to about 10 mmHg above the control level. The pressure then returned to control levels following this overshoot (see Fig. 2 for a representative recording of this response). These varied responses of the mean arterial blood pressure to the administration of ZOO ng AVT/kg were not related to the sex of the birds.
Efect of arginine vasotocin on urine flow, GFR, and relative free-water clearance. The renal responses to AVT were evaluated at each of the following dose levels: 1) 10 rig/kg body wt or about 2.25 vasopressor mu/kg; 2) 50 rig/kg or about 11.25 vasopressor mu/kg; 3) 200 rig/kg or about 45 vasopressor mu/kg.
The values for urine flow and total-kidney GFR during control periods prior to the administration of each of these doses of AVT are shown in Urine flow and total-kidney GFR decreased following the administration of each dose of AVT (Fig. 3) . Ten minutes after the injection of AVT, at the time when the singlenephron glomerular filtration rates were measured, the urine flow had decreased to about 50-60% of the control level in each case, although the decrease tended to be greatest at the highest dose level (Fig. 3) . At this time, the total-kidney GFR had also decreased to about 60-80 % of the control level, the greatest decrease occurring after the administration of ZOO ng AVT/kg (Fig. 3 ). This pattern of decreases in urine flow and total-kidney GFR following the administration of 50 ng AVT/kg and ZOO ng AVT/kg is shown for a single animal in Fig. 1 .
Two of the experimental groups of animals, those receiving 10 ng AVT/kg and those receiving 200 ng AVT/kg, were producing a urine hyposmotic to the plasma during the control clearance periods before the administration of AVT. This is shown by the osmolar urine-to-plasma (U/P) ratios in Table 1 . The free-water clearance (Cn& in both these groups of animals was slightly positive and averaged about 3-5 % of the filtration rate during the control periods (Fig. 4) . This relative free-water clearance (Cn&GFR) decreased markedly 10 min following the administration of 200 ng AVT/kg (Fig. 4) , as the urine became essentially isosmotic with the plasma. Following the administration of 10 ng AVT/kg, Cn,o/GFR actually increased slightly (Fig.  4) , but the change was so small that it is probably not meaningful.
In the group of animals receiving 50 ng AVT/ kg, the urine was essentially isosmotic' with the plasma during the control periods ( as the urine became hyperosmotic to the plasma (Fig. 4) . E$ect of arginine vasotocin on SNGFR. Following the administration of AVT, changes occurred in the filtration rates of individual mammalian-type and reptilian-type nephrons and in the total number of filtering RT nephrons. After the injection of 10 ng AVT/kg body wt, the SNGFRs of both the MT and RT nephrons were reduced compared to the control values determined previously (Fig. 5) (2). The mean SNGFR for the MT nephrons was 11.3 nl/min compared to a mean control value of 14.6 nl/min. The difference between these mean SNGFRs is significant at the 0.01 level of probability.
The SNGFR for the RT nephrons also was reduced from a mean control value of 6.4 nl/min to a mean value of 4.7 nl/min (Fig. 5 ), but the difference between these mean values is not statistically significant (0.1 < P < 0.2). Th ere was, however, a reduction in the fraction of filtering RT nephrons from 71% during the control periods to 52 % following the administration of 10 ng AVT/kg (Fig. 5) . The fraction of RT nephrons filtering was determined, as in the previous study (Z), from the number of dissected RT nephrons in which the blue ferrocyanide precipitate was found. This was also confirmed in the previous study (2) (Fig. 5) . Moreover, the mean SNGFR for the MT nephrons (16.5 nl/min) was significantly higher (P < 0.001) than that following the administration of 10 ng AVT/kg (Fig. 5) . However, the fraction of filtering RT nephrons fell to 26 % following the administration of 50 ng AVT/kg compared to 71% during control periods and 52 % following the administration of 10 ng AVT/kg (Fig. 5 ). There appeared to be two major patterns of changes in SNGFRs following the administration of 200 ng AVT/kg. One pattern occurred in two animals in which a decrease or biphasic response in mean arterial blood pressure was observed. In this pattern, the mean SNGFR for the MT nephrons (7.3 nl/min) was significantly lower (P < 0.001) than the mean control value (14.6 nl/min) (Fig. 5) . At the same time, the mean SNGFR for the RT nephrons was unchanged from the control level (Fig. 5) . However, the fraction of filtering RT nephrons was reduced to 43 % compared to 7 1% during the control periods (Fig. 5) .
The second pattern was observed in two animals in which an increase in mean arterial blood pressure appeared to predominate.
In this pattern, no RT nephrons appeared to be filtering (Fig. 5) . A similar pattern for the RT nephrons was observed previously when the quail were given an intravenous salt load (Fig. 5) (2) . However, the SNGFRs for the MT nephrons actually increased, compared to the control values, in these animals following the administration of 200 ng AVT/kg (Fig. 5) . These SNGFRs for the MT nephrons were divided into two groups for the purposes of presentation in Fig. 5 (26) nl/min (Fig. 5) . This mean value is significantly higher (2' < 0.001) than that observed in control and salt-loaded animals, as well as in animals receiving 10 and 50 ng AVT/ kg (Fig. 5) . The SNGFRs for the remaining MT nephrons examined in the animals showing this pattern of response following 200 ng AVT/kg were much higher and widely scattered. The mean value for these SNGFRs was 74.7 nl/ min (Fig. 5) .
Relationshi' of SNGFR to total-kidney GFR. In the previous study with desert quail (Z), we calculated the total-kidney GFR from the mean glomerular counts and the mean SNGFR values during a control diuresis and following the administration of a salt load. Using the values for the mean number of nephrons per kidney (46,778) and for the percents of MT (10%) and RT (90 %) nephrons per kidney determined in the previous study (2) and the mean values for SNGFR given in Fig. 5 , we calculated the total-kidney GFR following the administration of 10 ng AVT/kg and 50 ng AVT/kg.
Because of the very large variations in SNGFRs following the administration of ZOO ng AVT/kg, we did not attempt to calculate total-kidney GFR following the administration of this large dose of AVT. For animals receiving 10 ng AVT/kg, we assumed that all of the MT nephrons were filtering at a rate of 11.3 nl/min per nephron and that 52 % of the RT nephrons were filtering at 4.7 nl/min per nephron (Fig. 5) . The total-kidney GFR calculated from these values was 0.156 ml/min. The mean total-kidney GFR of the kidneys from which these nephrons were taken, determined during the last clearance period before the kidneys were frozen, was 0.124 ml/min. For animals receiving 50 ng AVT/kg, we assumed that all the MT nephrons were filtering at 16.5 nl/min per nephron and that 26 % of the RT nephrons were filtering at 6.9 nl/ min per nephron (Fig. 5) . The total-kidney GFR calculated from these values was 0.153 ml/min.
The mean total-kidney GFR of the kidneys from which these nephrons were taken determined during the last clearance neys were frozen was 0.157 ml/min. period before the kid-
DISCUSSION
In the present study, the administration of arginine vasotocin to desert quail was followed by changes in the total- Therefore, the SNGFRs determined following the administration of AVT had to be compared with control values obtained in other animals. The control SNGFRs used for comparison in the present study were those obtained during an identical control procedure in the previous study (2). As noted above (see RESULTS), the total-kidney GFR and the urine flow during the control infusion in the present study were almost exactly the same as those observed in the previous study (2).
The total-kidney GFR following the administration of 10 ng AVT/kg calculated from the SNGFRs was about 25 % higher than the measured clearance from the same kidneys. The total-kidney GFR following the administration of 50 ng AVT/kg calculated from the SNGFRs was almost identical with the measured clearance for the same kidneys. As noted previously (2), the glomerular counts are difficult to perform accurately, and it is even more difficult to determine the proportions of MT and RT nephrons exactly. Considering the possible variables in these measurements, the totalkidney GFRs calculated from the SNGFRs in the present study are in quite good agreement with the measured GFRs. Moreover, this agreement between calculated and measured GFRs is as good as or better than that found for the control and salt-loaded animals in the previous study (2) and very similar to that obtained for rat kidneys by others (6, 7). This agreement strengthens the validity of the measurements of SNGFRs and the number of filtering RT nephrons and supports the comparison of these values with the control values in the previous study.
In the present study, the total-kidney GFR of the desert quail decreased following each dose of AVT. This decrease followed the same time course as the decrease in urine flow even with the lowest dose of AVT (10 "g/kg).
This pattern suggests that the decrease in total-kidney GFR is real and is not due to dead-space errors. Moreover, the short ureteral cannulas suggest that no more than one-fourth of the de-crease could be explained by dead space errors. In addition, the very close agreement between the measured total-kidney GFR and that calculated from the SNGFRs strongly supports the idea that the decrease in GFR is a real one even at low dose levels. This contrasts with the findings of Ames et al.
(1) in domestic chickens, in which decreases in GFR following low doses of AVT (5-30 rig/kg) appeared to result largely from dead-space errors. Although some of this difference might have been the result of a difference between species in sensitivity to AVT, the quail in the present study were also in a less-marked water diuresis than the chickens in the study by Ames et al. (1) . Under these circumstances, a small dose of AVT might have been more likely to produce a decrease in total-kidney GFR. However, as noted above, the control diuresis in the present study was established to match that in the previous study (2), in which an infusion of sodium chloride produced a depression of GFR. With higher doses of AVT (above 40 "g/kg), a real decrease in total-kidney GFR occurred in domestic chickens (1) as it did in the quail in the present study.
The chicken neurohypophysis contains about 400 vasopressor milliunits of AVT (14). If the quail neurohypophysis contains a comparable amount of AVT, then all doses used in the present study could have been contained in the neurohypophysis.
However, it seems most likely that only the lower doses (10 ng show no evidence of any ferrocyanide precipitate. This suggests that whole portions of the surface areas of the kidney where the RT nephrons are located were not being supplied with arterial blood. Control kidneys show a uniform pattern of dark precipitate on the surface ((2) and unpublished observations).
Moreover, previous work with salt-loaded animals indicated that when RT nephrons ceased filtering (apparently as a result of constriction of afferent arterioles) and blood was shunted into the peritubular capillaries, the surface of the kidney still showed a uniform pattern of dark blue precipitate ((2) and unpublished observations). Thus, it seems most likely that with these higher dose levels, blood was shunted away from some superficial areas of the kidneys. However, the exact vascular sites of action of AVT are unknown.
In those animals in which the mean arterial blood pressure fell following the administration of 200 ng AVT/kg, the mean SNGFR for the MT nephrons fell almost to the level of that for the RT nephrons.
The percentage of filtering RT nephrons was also reduced from the control level. It appears possible that constriction of larger arterial branches again shunted blood away from areas of RT nephrons and that the reduced arterial pressure was insufficient to maintain filtration at the normal level in the MT nephrons. The same pattern of distribution of precipitate on the kidney surface shown for the 50 rig/kg dose (Fig. 7) was observed in these kidneys.
In those animals in which a vasopressor response predominated following the administration of 200 ng AVT/kg, there were no filtering RT nephrons and the SNGFR of the MT nephrons was greatly increased.
It appears likely that most of the blood flowing through the kidneys was shunted away from the superficial RT nephrons to the MT nephrons where greater flow with increased hydrostatic pressure produced an increase in SNGFR. Again, distribution of precipitate on the kidney surface was very spotty. However, as noted above, nothing is yet known about the exact sites of action of AVT within the avian kidney. Moreover, although variable blood pressure responses to high doses of vasopressin and other neurohypophysial peptides have been observed in birds as well as other nonmammalian vertebrates (21), the mechanism underlying these responses is not understood. In the previous study (2), the continuous intravenous infusion of a hyperosmotic sodium chloride solution produced a fall in total-kidney GFR, which appeared to result primarily from a decrease in the number of filtering RT nephrons. In fact, at the point during the infusion at which SNGFRs were determined (following administration of 40 meq/kg), all RT nephrons appeared to have ceased filtering (Fig. 5) . In the present study, this appeared to occur only with the highest doses of AVT, at which point there was also a marked increase in the SNGFR for the MT nephrons.
In the case of the salt load, the SNGFR for the MT nephrons actually decreased somewhat (2) (Fig. 5 ). This pattern of MT nephron function is closer to that observed in the present study with low doses of AVT (10 rig/kg). Also, as noted above, with high doses of AVT ferrocyanide precipitate was not uniformly distributed on the surface of the kidney. However, when RT nephrons ceased filtering following a salt load and the precipitate was distributed in the peritubular capillaries, the surface of the kidney showed a uniform pattern of precipitate ((2) and unpublished observations). This is again a pattern more similar to that observed following low doses of AVT (10 rig/kg) than to that observed following high doses of AVT (50 rig/kg or more). Presumably, both with a salt load and with the administration of low doses of AVT, constriction of the afferent arterioles leads to cessation of filtration in RT nephrons and shunting of blood through bypass vessels into the peritubular capillaries. It is conceivable that some intermediate dose of AVT would mimic the effects of a salt load exactly, with cessation of filtration in all RT nephrons without shunting of blood away from whole masses of kidney tissue. However, it is also possible that the effects of a sodium chloride load on the number of filtering RT nephrons may not be mediated through the action of AVT.
What importance might these observed e$ects of AVT have for water conservation by avian kidney? Arginine vasotocin is considered to be a true antidiuretic hormone in birds (15). Its antidiuretic effect has been considered to result primarily from an increase in the permeability of the distal tubule and collecting duct to water (1, 15, 18) . However, this effect on tubular permeability to water has never been demonstrated directly for avian nephrons. Moreover, the distal nephron of many reptiles shows little change in permeability to water with dehydration or administration of AVT (5). Thus, it at least seems possible that the permeability of the distal tubule of the RT nephrons in the avian kidney might not be altered in the presence of AVT. In the present study, reductions in the number of filtering RT nephrons occurred even with small, probably physiological, doses of AVT. Since these nephrons do not function together to contribute directly to the concentrating ability, it appears reasonable that they might cease filtering with the need to conserve water. However, all RT nephrons contribute to the fluid flowing through the collecting ducts in the medullary cones. Using the mean values for SNGFRs and percents of filtering RT
